INTRODUCTION
Omega-3 fatty acids are examples of bioactive substances whose interest has increased over the years in scientific research due to their proven health benefits. The human body is not able to synthesize these fatty acids and hence must be provided through diet (Amegovu et al., 2014) or supplementation. For this reason, fortification of foods with omega-3 PUFAs has therefore been proposed as a practical approach towards increasing the consumption of these fatty acids (Metcalf et al., 2003) . However, the incorporation of these fatty acids in foods, the processing and handling is associated with nutritional challenges for their healthy delivery (Huber et al., 2009). The extreme sensitivity of fish oils to oxidation can easily lead to the development of off-flavors and cause significant loss of product quality, stability, nutritional value, bio-availability and the overall acceptability of the food product (Jellinek, 1971; Pak, 2005) .The high rate of fish oil oxidation can be reduced by incorporation of synthetic or natural antioxidants (Huber et al., 2009 ). The use of natural antioxidants is more preferred due to many health risks such as cancer associated with synthetic antioxidants (Stip & Bels, 2009). Honey and vitamin C derived from citrus fruits are natural antioxidants that could be used to delay or inhibit oxidation of Omega-3 PUFAs. Natural honey is associated with several biological properties ranging from anti-oxidant, anti-inflammatory, anti-bacterial, anti-viral, anti-biotic and wound healing to immune-stimulatory properties (Seema & Simon, 2013) . Anti-oxidative potential of honey is attributed to the presence of high concentrations of important phenolic, flavonoid and carotenoids (AlvarezSuarez et al., 2010).The amount and type of these antioxidant compounds depends largely on the floral source/variety of honey, climatic conditions and processing (Mohammed et al., 2010) . Vitamin C is a natural antioxidant whose consumption is required for the prevention of scurvy and maintenance of healthy skin, gums and blood vessels. As an antioxidant, it has been reported to reduce the risk of arteriosclerosis, cardiovascular diseases and some forms of cancer (Sarkar et al., 2009).The aim of this study was to evaluate the potential of honey and ascorbic acid in inhibiting lipid oxidation in omega-3 fortified yoghurt. The effectiveness of the antioxidants in the preservation of the fortified yoghurt product over one month period was also evaluated.
MATERIALS AND METHODS

Materials
Nile perch viscera were purchased from a local Nile perch processing plant in Nairobi (W.E. Tiley ltd, Nairobi, Kenya). Fresh milk, skimmed milk, sugar, citrus fruits (lemon, tangerine and orange) and three honey samples (green forest, Amboseli and Baringo) were obtained from a local store (Tusky's Supermarket Ltd). Starter cultures of Lactobacillus bulgaricus and Streptococcus thermophilus were purchased locally (Pradip enterprises ltd). All the solvents and chemicals used were of analytical grade.
Analysis of Honey
Proline content
The method described by the International Honey Commission (IHC, 1999) was used to determine the proline content. An aliquot (0.5mL≈ 0.05mg) of honey solution was transferred to a test tube. For blank test, 0.5 mL was transferred to a second tube and 0.5 mL of (0.032mg/mL) proline standard solution was dispensed into three other tubes. To each tube, 1 mL of formic acid and 1 mL of ninhydrin (Fisher Scientific, United Kingdom) solution was added. The tubes were capped carefully and shaken vigorously for 15 min. The tubes were then placed in a boiling water bath for 15 min and there after transferred to another water bath and incubated at 70°C for 10 min. 2-propanol water solution (5 mL) was added to each tube followed by immediate capping. The tubes were left to Processing of Nile perch (Lates niloticus), a commercial fish in Eastern Africa; results in omega-3 polyunsaturated fatty acids (PUFA) rich by-products. Oil derived from such by-products can be incorporated in commonly consumed foods; however, these fatty acids are highly susceptible to oxidation. Honey and ascorbic acid are natural anti-oxidants that could play a role in preventing lipid oxidation. In the current study, omega-3 rich oil was extracted from L. niloticus viscera and added to yoghurt samples. The aim of the study was to investigate the biochemical and anti-oxidative parameters in honey and lemon juice and use them as antioxidants in the fortified yoghurt samples. Stability of the fortified yoghurt was monitored over one month storage period. Ascorbic acid Equivalent Antioxidant Capacity (AEAC) of lemon juice and honey were 312 ± 2.34 and 197 ± 3.65 mg/L, respectively. The DPPH radical scavenging activity showed that honey (86.16± 1.43%) tended to be highly active in the reaction with DPPH compared to lemon juice (71.29± 3.52%).After four weeks of storage, the peroxide value (PV), anisidine value (AV) and (free fatty acid) (FFA) contents were within the acceptable range with the honey fortified sample being most stable. The ascorbic acid content was highest in lemon juice fortified samples (30 mg/100g) while in honey fortified samples were below 1mg/100g. The pH in all the samples decreased slightly over time. Honey and lemon juice are therefore good natural anti-oxidants and their anti-oxidative potential can be utilized in the prevention of lipid oxidation in omega-3 fortified yoghurts.
cool for approximately 45 min and the absorbance values measured at 510 nm. Proline concentration in mg/kg of honey was calculated as follows:
Proline (mg/kg) = (Es/Ea)x(E1/E2)x80, Where: Es is the absorbance of the sample solution; Ea is the absorbance of the proline standard solution (average of three readings); E1is the mg of proline used for standard solution; E2is the weight of honey in grams; 80 is the dilution factor. The mean of three readings was used.
Total phenolic content
This was determined by a method described by Singleton et al., (1999). Each honey sample (5 g) was diluted to 50 mL using distilled water. A 1 mL of this solution was mixed with 2.5 mL of 0.2 N Folin-Ciocalteu reagents (SigmaAldrich Chemie, Steinheim, Germany) for 5 min after which, 2 mL of 75g/l sodium carbonate (Na2CO3) was added. The reaction mixture was incubated for 2h at room temperature and the absorbance read at 760 nm against a methanol blank. Gallic acid (0-200 mg/l) was used as a standard to make a calibration curve. The mean of three readings was used and the total phenolic content expressed in mg of gallic acid equivalents (GAE)/100g of honey.
Carotenoids content
This was done according to the method described by The results were expressed as mg of carotenoid/kg of honey
Color intensity (ABS450)
The mean absorbance of honey samples was determined according to the method described by Beretta et al. (2005) . Briefly, honey samples were diluted to 50% (w/v) with warm (45 -50°C) distilled water, and the resulting solution filtered to remove large particles. The absorbance was measured at 450 and 720 nm and the difference in absorbance was expressed as milli absorbance units (mAU).
mAU of honey =(ABS700 -ABS450)
Determination of anti-oxidative properties of honey DPPH radical scavenging activity
The method described by Ferreira et al. (2007) was used to determine the DPPH radical scavenging activity of the honey samples. The honey samples (12.5 µL -100 µL/mL) were prepared in methanol. An aliquot (2 mL) of DPPH (SigmaAldrich, USA) solution (0.002 % in methanol) was added to 2 mL of the prepared samples. The samples were incubated at room temperature in the dark for 30 minutes and the optical density read at 517 nm. The absorbance of the DPPH control was also noted. The scavenging activity of the samples was calculated using the formula:
Scavenging activity (%) = [(A -B) / A] x 100.
Where: A is absorbance of DPPH and B is absorbance of DPPH and honey sample.
Ferric reducing power
This was done according to the method described by Ferreira et al. (2007) . Various concentrations of water honey solutions (2.5 mL) were mixed with 2.5 mL of 200mmol/L sodium phosphate buffer pH 6.6 and 2.5 mL of 1% potassium ferricyanide. The mixture was then incubated at 50°C for 20 min. To the mixture, 2.5 mL of 10% trichloro acetic acid (w/v) (BDH Chemicals Ltd, Poole, -England) was added and the mixture centrifuged at 2000×g for 8 min. The upper layer (2 mL) was mixed with 5 mL of deionised water and 1 mL of 0.1% of ferric chloride, and the absorbance read at 700 nm. Higher absorbance indicates higher reducing power (Oyaizu, 1986).
Total Antioxidant content of honey
The antioxidant content was determined by measuring Ascorbic acid Equivalent Antioxidant Capacity (AEAC) values using the method of Meda et al.
(2005).
Briefly, honey samples were dissolved in methanol to a final concentration of 0.03 g/mL. A 0.75 mL aliquot of the methanolic honey solution was then mixed with 1.50 mL of 0.02 mg/mL DPPH solution prepared in methanol. The mixture was then incubated at room temperature for 15 min, and the absorbance measured at 517 nm. The blank was composed of 0.75 mL of a methanolic honey solution mixed with 1.5 mL of methanol. Ascorbic acid standard solutions (2, 4, 6, 8 and 10μg/mL) prepared in distilled water were used to form a calibration curve. Measurements were performed in triplicate, and the mean value was expressed as mg of ascorbic acid equivalent antioxidant content per 100 g of honey.
Analysis of citrus fruit juice
Determination of total acidity and pH
Total acidity of the juices was determined by titration method according to Rekha et al. (2012) . A 10 % fruit juice was prepared and 10 mL titrated against standardized 0.1N NaOH (Sodium hydroxide) using Phenolphthalein as an indicator. The end-point was noted. Total acidity was calculated in terms of citric acid using formula: Acidity (g/100 mL) = Normality of the juice x Equivalent weight of citric acid. The pH of 10 % juice was determined using pH meter (Mettler Toledo, USA)
Estimation of Ascorbic acid content
Ascorbic acid content in fruit juices was estimated by titration method. Into a 100 mL volumetric flask, 50 mL of un-diluted fruit juice and 25 mL of 20 % metaphosphoric acid was added as a stabilizing agent and distilled water added up to the 100 mL mark. A 10 mL volume of the solution was pipetted into a small flask and titrated using standard indophenols solution until a faint pink color persisted for 15 s. The mg of Ascorbic acid per mL of the sample was calculated as follows: 
Ferric reducing assay
This was determined following the method proposed by Ferreira et al. (2007) as described in the analysis of the honey samples.
Total antioxidant content of fruit juices
The antioxidant content of the fruit juices was determined by measuring Ascorbic acid Equivalent Antioxidant Capacity(AEAC) values using the method of Meda et al. (2005) . From the three citrus fruits evaluated, the fruit with the highest ascorbic acid content and hence antioxidant activity was selected for use in the preparation ofomega-3 fortified yoghurt. The recommended dietary intake (RDI) of ascorbic acid (60mg/day) was used to determine the volume of the juice to be added into the yoghurt, and taking care that the pH of the yoghurt does not to go below the recommended pH of 4.5.
Production of fortified yoghurt
Production of functional fortified yoghurt was done by a method developed in our laboratory. Two types of stirred fortified yoghurt samples were prepared. The first yoghurt sample was fortified with Omega-3 fatty acids and honey (YFH). Honey (95g) was incorporated into 1 litre of milk during the yoghurt mix formulation and the mixture homogenized to ensure a homogenous formulation. Skimmed milk powder containing Soy lecithin was added as a thickener and to solubilize the omega-3 rich oil in the yoghurt. The second yoghurt sample was fortified with Omega-3 fatty acids and 33.3 mL of lemon juice per 1litre of milk (YFL). The third yoghurt sample was a control, which contained only the oil sample without an antioxidant (YF). A fourth control comprised of plain natural yoghurt (PY).
Analysis of yoghurt after production and during storage
Determination of Quality parameters of the omega-3 fortified yoghurt was done by determining the PV, AV, Total oxidation (TOTOX) and FFA contents. pH and total acidity was determined at weekly intervals over one month storage period.
Statistical Analysis
The entire experiment was replicated three times and the means and standard deviations reported. The SPSS software (IBM SPSS statistic 19) was used to conduct analyses of variance (ANOVA) to determine the differences among treatment means in the various weeks and the post hoc Tukey's test was used. Correlation analyses were done using the SPSS software.
RESULTS AND DISCUSSION
Biochemical parameters of the honey samples
The Phenol content per 100 g of honey ranged from 58.56 mg to 71.56 mg GAE (Table 1 ). The commercial honey samples had higher phenolic content compared to the natural honey samples. The phenolic content of the samples is in agreement with phenolic content of honey reported in literature (Beretta et al., 2005; Gheldof et al., 2002) . A general observation can be made that dark honeys (Amboseli and Green forest) were characterized by considerably higher phenolic content than the natural honey sample. This trend is similar to the relationship found in previous studies done on Burkina Faso and Italian honeys (Blasa et al., 2006; Meda et al., 2005) . The natural honey sample had higher proline content of 2.41± 0.24 (mg/g), whereas the Amboseli and Green forest honey had less proline content. The proline levels obtained in all the samples exceeded the minimum limit, an indication that the honey samples were not adulterated (Table  1) .Carotenoid such as β-carotene and lycopene were higher in the processed honey samples than in the natural honey. The color intensity (ABS450) of the Natural honey (219 ± 23.43 mAU) was lower than that of the processed honey samples with Amboseli honey having highest ABS. This suggested a lower antioxidant activity in the natural honey compared to processed honey. 
Values presented are mean ± SD of three determinations
Antioxidant activities of honey samples
The antioxidant activity of honey varied from 65.7 % to 86.2 % in the DPPH reaction system. The results of the DPPH radical scavenging activity showed that the processed honey tended to be highly active in the reaction with DPPH, while Natural honey had a lower radical scavenging activity. The Baringo sample had lower AEAC (280 ± 0.56) compared to the Amboseli (305 ± 1.23) and Green forest (312 ± 2.34) mg of AEAC/kg of honey (Table 2 ). Green forest honey had higher reducing activity (2.78 ± 1.69) compared to Amboseli (2.56 ± 1.23) and Baringo (0.98 ± 2.54). .993 for PC/AEAC. This means that phenolic compounds are one of the main components responsible for the antioxidant activity of honeys. This correlation was in agreement with the findings of other authors such as the high correlation between radical scavenging activity and the total phenolic content at a level of p=0.5, (Meda et al., 2005) . Overall, the strong positive correlations suggest that the honey samples had a strong antioxidant potential that could be utilized to prevent fish oil oxidation in the omega-3 fortified yoghurt. .991 *Correlation is significant at 0.05 levels (2-tailed) **Correlation is significant at 0.01 levels (2-tailed)
Total acidity, pH and ascorbic acid content of Citrus fruits
Citrus fruits contain high levels of citric and ascorbic acid. In this study, ripe fruits were used since unripe ones contain lower pH than ripe fruits (Rekha et al., 2012) which would further reduce the pH of the fortified yoghurt below unacceptable levels. The pH was lowest in lemon juice (2.9± 0.02) because lemon juice contains higher amounts of ascorbic acid in addition to citric acid. Orange and tangerine juice had a pH of 3.8 ± 0.01 and 4.1 ± 0.01, respectively.
The total acidity was higher in lemon juice followed by orange juice and then Tangerine. pH and total acidity are important in determining the level of acidity of the juices which may affect the acidity of the yoghurt once added. The ascorbic acid content in the fruit juices ranged from 55.25 ± 0.34 to 62.82 ± 0.48mg/100 mL. The highest ascorbic acid content was observed in lemon juice followed by orange and tangerine (Table 4) . 
Radical scavenging and Ferric reducing Power
Radical scavenging activities of citrus juices investigated by DPPH radical scavenging assay showed that lemon juice had the strongest scavenging activity (71.29 ± 3.52 %) compared to orange (55.06 ± 2.56) and tangerine (51.02 ± 1.67) ( Table 4 ). Antioxidant activity was found to be higher in lemon juice, which also had the highest level of ascorbic acid. This is in accordance with results obtained in previous studies by (Gardner et al., 2000) . Gardner et al, (2000) also showed that vitamin C is the main antioxidant in most of the citrus fruits. Ferric reducing assay showed that lemon juice had the strongest activity. This was in agreement with a study done by Ali et al. (2011), which showed that citrus fruits had a high DPPH radical scavenging, and ferric reducing antioxidant potential. Although the antioxidant capacity evaluated by the DPPH method was higher than that evaluated by the Ferric reducing assay method, the correlations were good for both methods. This indicated that ascorbic acid contributed to the antioxidant activity of the citrus fruits. Other than the antioxidant potential of citrus fruits 
Correlation matrix showing the relationship between Ascorbic acid content and Antioxidant activity of Citrus fruits
All the parameters evaluated to show the antioxidant potential of citrus fruit juices showed strong positive correlation (table 5) . A strong positive correlation was evident between ascorbic acid content and total antioxidant activity (R 2 = 0.997). Citrus fruits are a good source of vitamin C and they also possess good antioxidant activity (Berenguer et al., 2004) . Lemon juice was the best in terms of ascorbic acid content and hence highest antioxidant capacity, it is available every season and very economical compared to the other studied fruits. Therefore, lemon juice was chosen for the fortification process of the yoghurt. The PV, AV, and TOTOX values of the omega-3 fortified yoghurt increased slightly over time in all the samples with honey (YFH) having the least values followed by lemon juice and the highest values seen in the sample without antioxidant (YF). The FFA value in the lemon juice fortified sample (YFL) was higher than the sample with no antioxidant up to the third week. This is because FFA estimation is a titration method and thus the increased acidity in this sample gave the high FFA content. In the fourth week, a gradual increase in FFA in all the samples was observed overtime with the control (YF) having the highest FFA values (figure 1). When comparing samples with added antioxidants with those without anti-oxidants, it was found that the latter samples had lower values of these quality parameters. The antioxidants therefore, helped to reduce lipid peroxidation of the fish oils. Honey was a better antioxidant compared to lemon juice. This is because honey has several compounds that play a critical role in antioxidant activity such as phenols, flavonoids, carotenoids (Ferreira et al., 2007) compared to lemon juice which has only ascorbic and citric acid as the major compounds enhancing its antioxidant activities. From this study, honey and vitamin C can be used as natural antioxidants in yoghurt fortified with omega-3 rich fish oil thereby extending its shelf life. Overall, the pH values in all the samples decreased slightly over time (figure 2). The total acidity increased slightly in all the samples with the highest % in the lemon juice fortified yoghurt (YFL). The lemon juice fortified yoghurt sample had the highest vitamin C content compared to all other samples. Generally, the pH values in all the samples decreased slightly over time. The sample with lemon juice as antioxidant had very low pH due to the presence of citric acid in addition to Ascorbic acid in the juice. The other three samples (PY, YF, and YFH) had close pH values with the plain natural yoghurt having the highest pH values. The total acidity increased slightly in all the samples with the highest percentage in the lemon juice fortified yoghurt. Starter cultures usually transform lactose in milk into lactic acid which is responsible for the initial acidification which coagulates the milk at pH 4.5 and also the post acidification during storage. 
CONCLUSION
The greatest challenge in the addition of omega-3 rich oils to yoghurt as a source of n-3 FA is their extreme sensitivity to oxidation that leads to the development of off-flavors. The goal is to add sufficient levels of oil that can provide a significant contribution of omega-3 fatty acids into the daily diet while minimizing oxidation. This therefore calls for the need to add natural antioxidants and flavors to reduce oxidation and fishy flavor. Several natural antioxidants can be exploited to help delay oxidation of the fish oils in the fortified yoghurt. In our study honey and lemon juice were shown to have good anti-oxidative properties and this helped delay oxidation of the fish oils in the fortified yoghurt.
